Review: Mitochondrial medicine--cardiomyopathy caused by defective oxidative phosphorylation.
During experimental hypertensive cardiac hypertrophy, the heart energy metabolism reverts from the normal adult type that obtains the majority of its requirement for adenosine triphosphate (ATP) from metabolism of fatty acids and oxidative phosphorylation (OXPHOS), to the fetal form, which metabolizes glucose and lactate. Mitochondrial synthesis and function require an estimated 1000 polypeptides, 37 of which are encoded by mitochondrial (mt) DNA, the rest by nuclear (n) DNA. Inherited or acquired aberrations of either mtDNA or nDNA mitochondrial genes cause mitochondrial dysfunction. Tissue expression of OXPHOS enzyme defects is often heterogeneous. As a result, cardiomyopathy and cardiac failure are frequent but unpredictable complications of mitochondrial encephalopathy, neuropathy, and myopathy. Several nuclear genes that encode mitochondrial proteins have been sequenced and specific defects associated with nuclear genes that affect mitochondrial structure and function have been linked to hypertrophic and dilated cardiomyopathies and to cardiac conduction defects. Thyroid hormone and exercise stimulate expression of a nuclear respiratory factor (NRF) that induces the nuclear gene TFAM, which encodes the mitochondrial transcription factor A that controls mitochondrial replication and transcription. TFAM-null mouse embryos lack mitochondria and fail to develop a heart. Mitochondrial dysfunction enhances the generation of radical oxygen species (ROS), which damage mtDNA, nDNA, proteins, and lipid membranes. Mice lacking the mitochondrial antioxidant enzyme manganese-superoxide dismutase (SOD) develop dilated cardiomyopathy. Palliative mitochondrial therapy with L-acetyl-carnitine and coenzyme Q10 improves cardiac function in patients with cardiomyopathy. Cure is only achievable by mitochondrial gene therapy. Experimental direct gene therapy uses vectors or targeting signal sequences to insert genes into mtDNA; indirect gene therapy employs viral or non-viral vectors to introduce genes into nDNA. Clinical repair of damaged somatic and germline genes that encode mitochondrial proteins may soon be within reach.